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The Pitcairn Islands, located in the central South Pacific, contain near-pristine marine
ecosystems which support unique fish assemblages, together with both endemic and
threatened species. Pitcairn itself is the only inhabited island in the group and, before
this study, the environmental impact of local fisheries was unclear, with little data to
inform conservation and management. In 2014–2015 coastal fish populations were
assessed using a mixed methods approach: a newly introduced system of fishers’
catch monitoring and Baited Remote Underwater Video Systems (BRUVS). Thirty-
nine BRUVS deployments recorded 88 species in total, with small-bodied herbivores
(e.g., Kyphosus pacificus) and mesopredators (e.g., Xanthichthys mento) dominating a
“bottom heavy” assemblage. Several large pelagic predators were recorded, but reef-
associated predators were rare with only one shark observed. Pitcairn’s top predator
assemblage was relatively impoverished compared to global “pristine” sites, including
other islands within the Pitcairn group. Top predator scarcity may be explained by
local artisanal fisheries, which have historically targeted sharks and other large reef
carnivores, and these taxa may not have recovered despite subsequent declines in
fishing pressure. The dominant small-bodied species may have proliferated as a result of
diminished top predator populations. Subsequent to BRUVS sampling, a local fisheries
officer post was created to collate catch data from coastal fishers. Regular returns
were obtained from over half of the active fishers (representing approximately 80% of
catches), with K. pacificus also dominating catches and the small grouper Epinephelus
fasciatus frequently targeted. Thirty fish species were represented in the recorded catch
over a 12 month period. Results were shared with the local community, providing a basis
for the cooperative design of a Fisheries Management Plan. This plan ensured traditional
fisheries could continue in a sustainable manner within Coastal Conservation Zones
around each of the four Pitcairn Islands, established within the large, no-take Marine
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Protected Area designated in 2016, covering the entire Pitcairn Exclusive Economic
Zone. Monitoring of Pitcairn’s artisanal fisheries should be continued beyond this one-off
study in order to inform adjustment of the Fisheries Management Plan, as the ongoing
island fishery may still have consequences for long-term sustainability, particularly for
pelagic species caught in coastal waters which remain a significant data gap.
Keywords: Pitcairn Island, BRUVS, coastal waters, marine protected area, coral and rocky reefs, sustainable
fisheries, remote island
INTRODUCTION
The Pitcairn Islands are a UK Overseas Territory (UKOT)
consisting of four small, extremely remote islands in the central
South Pacific. Pitcairn Island itself is the only inhabited island in
the group, with a population of around 50 in 2015. The islands’
isolation has helped to ensure that their marine ecosystems
have remained in near-“pristine” condition, largely unaffected by
human activities (Sala et al., 2012), although this isolation has
also contributed to a dearth of available data on the Pitcairn
Islands marine environment compared to other UKOTs. Whilst
marine species diversity in the Pitcairn Islands is low compared
to the Coral Triangle, some 6,000 km to the west, the presence
of corals is noteworthy given the islands’ southern location just
south of the Tropic of Capricorn, at the south-eastern extreme of
the Indo-Pacific province (Irving and Dawson, 2012). Moreover,
surveys by the National Geographic Society’s (NGS) Pristine
Seas team in 2012 found that regional endemics comprised 45%
of fish assemblages, creating unique species communities (Sala
et al., 2012). In addition, a number of globally threatened and
endemic marine species are known from the islands (Irving and
Dawson, 2012). Surveys of uninhabited Ducie and Henderson
atolls found that top predators accounted for more than half
of fish biomass, reflecting very low fishing pressure (Sala et al.,
2012). In summary, the marine ecosystems of the Pitcairn
Islands are considered to have “outstanding” value owing to
their relatively untouched condition and biological uniqueness
(Friedlander et al., 2014).
As part of efforts to protect these valuable ecosystems, the
Pitcairn Islands Marine Protected Area (an IUCN Category 1
MPA encompassing all four islands) was established on 14th
September 2016 by the Government of the Pitcairn Islands,
supported by the UK Government (Gov.UK, 2016). The MPA
extends for 839,479 km2 to the outer limit of the islands’
Economic Exclusion Zone (EEZ) (1accessed February 2021). As
such, it stands as one of the largest fully protected Marine
Protected Areas on the planet (O’Leary et al., 2018). As a
result of the MPA consultation, sustainable traditional fishing
activities were allowed to continue around the islands and
the occasionally visited 40 Mile Reef, which sits atop Adams
seamount, approximately 40 miles from Pitcairn Island itself.
These traditional fishing activities were implemented through the
creation of sustainable fishing zones located within the territorial
waters of each island, amounting to < 0.3% of the MPA’s total
area (Figure 1).
1www.protectedplanet.net/country/PCN
It should be noted that the MPA was established after this
study was completed. Surveillance of possible commercial fishing
activity within the vast “highly protected” Marine Protected
Area is being undertaken under the auspices of the UK’s Blue
Belt Surveillance and Intelligence Hub (Stockill, pers. comm.),
which follows the novel Eyes on the Sea program run by the
Pew Charitable Trusts (Pew, 2015). The Hub conducts remote
monitoring of the Pitcairn Islands MPA following an intelligence-
led, risk-based approach to detect illegal, unreported and
unregulated (IUU) fishing activities. Such remote monitoring,
however, is not suitable to overseeing Pitcairn’s artisanal fisheries,
which utilize small boats without Automatic Identification
Systems (AIS) installed. As a result, locally-based monitoring is
required as part of management measures for the artisanal fishery
(Dawson and Irving, 2020).
Fishing has been an important socio-economic component of
the Pitcairn community since its establishment over two centuries
ago (Götesson, 2012; Irving and Dawson, 2012). Fishing activities
are typically undertaken from coastal rock promontories by
individuals using baited hand lines; from a drifting small boat
(known locally as a canoe) close to shore (typically < 2 km)
using baited or feathered hooks; or using lures trolled behind
a moving boat (usually 2–5 km from the coast). Trolled lures
are used to catch pelagic species such as wahoo Acanthocybium
solandri or yellowfin tuna Thunnus albacares, and this method
is generally conducted from one of the island’s 13 m longboats,
which can take up to eight fishers in a “fishing party.” All
fishes caught by such a party are traditionally divided up
by household and shared irrespective of individual catch size
(Dawson and Irving, 2020). At the time of our study (2014–2015),
occasional fishing for juvenile sharks (typically grey reef shark
Carcharhinus amblyrhynchos or white tip reef Triaenodon obesus,
though occasionally tiger Galeocerdo cuvier) was practiced with
overnight baited lines, for the sole purpose of incorporating the
shark’s teeth in wooden carvings, leaving the flesh unconsumed
(Coghlan et al., 2017). Aesop slipper lobsters Scyllarides haanii
are caught using baited traps left overnight in deep water (70–
145 m depth) (Götesson, 2012); and spiny lobsters, both the
Easter Island lobster Panulirus pascuensis and the pronghorn
lobster P. penicillatus, are typically caught using SCUBA gear
together with a hook or a Hawaiian sling spear. Catches of these
crustaceans are either consumed on island or, as in recent years,
sold to visiting cruise ships. Although some reconstruction of
historical fish catches has been attempted (Coghlan et al., 2017),
the sustainability of this long term artisanal fishery had never
been assessed, nor had any form of fisheries management plan
been formalized.
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FIGURE 1 | The Pitcairn Islands Marine Protected Area (originally termed a ‘marine reserve’). Map© 2016 The Pew Charitable Trusts. Adapted from Pew (2020).
In order to assess the impact of the fishery and inform any
subsequent management measures, we took a mixed methods
approach consisting of: (1) an assessment of the nearshore fish
assemblage using Baited Remote Underwater Video Systems
(BRUVS); and (2) an assessment of fishing effort and catch
composition by the local community. The study builds on
a previous household survey of the island population (c. 50
individuals) undertaken in 2011 (Shuttenberg and Dawson, 2012)
which showed families to be consuming an average of 2–3
fish meals per week.
MATERIALS AND METHODS
All fieldwork was undertaken around the coast of Pitcairn (25◦
04’ S, 130◦ 06’ W) in 2014 and 2015. The island, just 3.2 km long
Frontiers in Marine Science | www.frontiersin.org 3 May 2021 | Volume 8 | Article 647685
fmars-08-647685 May 25, 2021 Time: 13:17 # 4
Duffy et al. Pitcairn Island Coastal Fisheries Sustainability
by 1.6 km wide, has a 9.5 km coastline characterized by steep cliffs
and occasional rock platforms (Irving and Dawson, 2012). The
nearshore seabed, composed of rocky outcrops and patches of
coral interspersed with sandy areas, extends seawards for 300–500
m to a depth of around 30 m before dropping away into deeper
waters (Irving and Dawson, 2012).
BRUVS Survey
BRUVS have been increasingly employed as a sampling tool
in coastal marine environments (Cappo et al., 2006). This
approach is recognized as a valuable non-extractive tool for
assessing protected areas, threatened species and scientifically
important habitats (Letessier et al., 2013). Furthermore, baited
cameras record more species and require less replicates to detect
change compared to cameras deployed without bait, or certain
SCUBA approaches (Watson et al., 2005, 2010; Harvey et al.,
2007; Langlois et al., 2010; Dwyer et al., 2020). Single camera
BRUVS can record abundance and diversity (Ellis and DeMartini,
1995), although they do not enable body size measurements
(Cappo et al., 2003). In order to measure fish accurately,
BRUVS studies have increasingly employed stereo video cameras,
which generate more accurate measurements compared to single
cameras (Cappo et al., 2006; Langlois et al., 2020). Studies have
increasingly employed GoPro cameras2 as a light, low-cost setup
(Letessier et al., 2013, 2015.). GoPros provide a cost-effective
and scientifically robust option for BRUVS studies, lowering the
financial barrier of fieldwork and potentially facilitating wider
implementation of the technique. Based on the research goals and
available resources the technique was considered the optimum
approach for this study.
Five stereo BRUVS frames were assembled on Pitcairn
(Figure 2A), using a design which has been widely employed
for seabed based stereo-video studies (Langlois et al., 2010;
Letessier et al., 2015). Two GoPro Hero 3+ cameras (with
additional batteries) were placed inside pre-calibrated waterproof
housings. The use of two cameras calibrated in fixed positions
allowed stereo footage to be filmed, a requirement for accurate
measurements (Cappo et al., 2006). Pilchard (Sardinops sagax),
was selected as bait and sourced (in a frozen state) from
New Zealand. Pilchards have been commonly used in previous
BRUVS studies, and bait standardization is essential for
comparability (Langlois et al., 2010; Dorman et al., 2012;
Hardinge et al., 2013; Letessier et al., 2013). Prior to deployment
an attached mesh bag was filled with 600 g of defrosted pilchards,
with each fish crushed. This ensured dispersal of oil and
blood into the water and guarded against premature depletion.
Sampling aimed to deploy BRUVS frames at sites around the
coastline of Pitcairn Island across a depth range of 10–40 m,
separated by at least 300 m to ensure sample independence. At
times it was necessary for deployments to be opportunistic in
order to ensure both sample independence and target depth, with
depth measured using a handheld sounding device.
Species abundance values (MaxN) were obtained by counting
the highest number of each species visible at any point during
the 1 h video sample, and MaxN was used as an index
2https://gopro.com
of fish abundance. This approach provides a conservative
relative abundance estimate by preventing double-counts of
returning individuals (Letessier et al., 2013) and allows
diverse, abundant assemblages to be sampled efficiently and
accurately when the counting of all individuals is unfeasible
(Cappo et al., 2006).
Stereo cameras were used in order to allow digital three
dimensional (3D) measurements of fish. SEAGIS EventMeasure,
which estimates the position and size of an individual on 3 axes,
was used as the analysis software (Cappo et al., 2006; Hardinge
et al., 2013; Letessier et al., 2015). This software allows fish to be
measured non-invasively, and allows species diversity, MaxN and
length data to be recorded, collated and exported, streamlining
archiving and facilitating analysis.
During video review, each species was marked with a red
point (see Figure 2B) upon first entering the frame. In order
to count large schools which approached the bait, MaxN was
computed by marking each visible fish. All identifications and
MaxN values were obtained using footage from the frame’s left
camera. The sampling period began as soon as the frame landed
on the seabed (after adjustments), and 1 h of video was analyzed.
Once the frame settled, a still image was taken and used to
classify the habitat using rock, algae, sand, and coral categories
which allowed the heterogeneity of Pitcairn’s coastal habitats to
be taken into account (Sala et al., 2012; Irving and Dawson, 2012).
Classifications were based on the category which was observed to
cover the highest percentage of the visible substrate.
Length measurements (fork lengths) of individuals were
conducted at the time of MaxN (Figure 2C). Individual CAM
files for each BRUVS frame were loaded to calibrate the software
and maximize measurement accuracy. Fish were only measured
if their bodies were straight, side-on and fully visible on
both cameras. A measurement was accepted if the precision
value generated by EventMeasure was <10% of the individual’s
computed fork length. In addition, a measurement was only
deemed accurate if EventMeasure estimated the individual to be
5 m or less from the camera, in light of observed inaccuracies in
measurements at greater distances (Langlois et al., 2010; Letessier
et al., 2015). Length data were also checked against known fork
length ranges of species, and any measurements substantially
outside known size range were discarded (Lieske and Myers,
1994; Allen et al., 2007; Fishbase, 2014). In order to avoid the
repeat measurement of a returning individual, measurements
were only taken from the point of species MaxN. If no valid
measurements could be obtained from the point of MaxN, an
alternative frame was used when possible.
Mean fork length values were produced for each measured
species. Individual fish weight estimates were obtained by
applying stereo BRUVS-derived measurements to length-weight
relationships. Species-specific a and b values were obtained
from published length-weight studies or models where available
(Fishbase, 2014). The mean calculated weight for each fish species
was then multiplied by the total MaxN to estimate biomass values
specific to this fish assemblage. Individuals identified to family
or genus level, or species without published length-weight data,
were included in biomass calculations through using values from
morphologically and phylogenetically similar species. Published
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FIGURE 2 | (A) An example of the BRUVS frames deployed on Pitcairn, (B) a screenshot from EventMeasure video analysis showing the individual marking of Pacific
chub in order to establish MaxN, and (C) screenshot from EventMeasure showing the measurement of individual crosshatch triggerfish. (A) top left, (B) top right,
(C) bottom left.
common lengths were used to calculate biomass for species which
could not be measured by stereo BRUVS (Allen et al., 2007;
Fishbase, 2014).
All EventMeasure data were collated in Microsoft Excel and all
statistical analysis was carried out in R Studio software (version
0.98.507). The “vegan” R package (version 2.4-2) was used to plot
species accumulation (“specaccum” function) and to extrapolate
total species richness values (“specpool” function) using “jack1,”
“boot,” and “chao” richness estimation indexes (Oksanen, 2013).
Fisheries Catch Monitoring Method
The fisheries catch monitoring was undertaken as part of a
comprehensive programme of community engagement around
MPA designation, resource management and conservation.
Fishers were consulted on how best to monitor local catches
robustly whilst taking individual practices and preferences into
account, and without imposing excessive reporting burdens
on fishers. In order to assess the diversity of fish species in
catches, individual fishers were asked to keep a weekly log
of the number of individuals (= abundance) of all species
caught (= diversity). Additional information was recorded on
the time expended to obtain the catch (= effort), the fishing
method employed, the location, and sea conditions. Participating
fishers were asked to complete a written logsheet of all catches
following any fishing excursion from the shore or from boats,
and for both individual and group fishing activities. For ease of
logsheet completion, local fish names were used when recording
data. Log records were collated by the island’s Fishery Officer,
a newly created post funded through the Darwin Initiative
project. Initially, there were some concerns expressed by fishers
regarding the ultimate purpose of recording catches. By way





Forty-two BRUVS deployments were completed in the shallow
coastal waters of Pitcairn Island (Figure 3), of which 39
produced valid samples.
Deployment depths ranged from 7 to 33 m and the mean
depth sampled was 19 m (± 7.39 sd.) Algae and rock-dominated
substrates accounted for 38% and 33% of habitat classifications,
respectively, whilst coral and sand accounted for 15% and 13%
of classifications. 2,769 individual fishes from 26 families were
sampled, 88 species were identified and 95% of individuals were
identified to species level, with 3% identified to family level and
2% to genus level, respectively. The most diverse sample recorded
33 species, the least diverse recorded 3 species, and mean species
richness was 17 (± 7.25 sd.). Abundance values ranged from
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FIGURE 3 | Map of the Pitcairn Island field site, with each dot denoting the
site of a single BRUVS deployment.
198 to 11, and mean abundance was 71 (± 43.84 sd.). Fork
length measurements were obtained from 37 deployments, and
484 measurement values for 57 species were computed.
Fish Assemblage Characteristics
The fish assemblage was dominated by Pacific chub (Kyphosus
pacificus) and crosshatch triggerfish (Xanthichthys mento) which
accounted for 24% and 28% of total MaxN, respectively. The
next highest MaxN value for a single species was recorded by
red and green coris (Coris roseoviridis), a regional endemic which
accounted for 5% of total MaxN. Scythe triggerfish (Sufflamen
bursa) was the most widespread species, recorded on 85% of
samples (Table 1).
The sampled biomass was estimated at 1,381 kg, with mean
biomass per sample of 35 kg.h−1. Herbivores (trophic level
2.0–2.9) accounted for 49% of biomass, whilst planktivores and
small predators (trophic level 3–3.9) and top predators (trophic
level ≥ 4) accounted for 23% and 28%, respectively (Figure 4).
FIGURE 4 | Biomass of BRUVS sampled fish assemblage by trophic level
(trophic values taken from Fishbase (2014)].
FIGURE 5 | Curve showing the accumulation of identified species during
sampling (dark blue line). Confidence intervals are indicated by the light blue
polygon and dotted lines. Values for estimated total species richness
according to three indices are inset.
Species Richness Extrapolation
The 88 species identified during sampling were plotted on a
species accumulation curve, and the total species richness of
the assemblage was extrapolated using three estimation indices
TABLE 1 | Summary of key data indices for the most common species (in terms of relative abundance) in each of the main fish families recorded on Pitcairn.
Scientific name Common name Family Total MaxN % Total abundance % Total biomass % Samples recorded
Acanthurus leucopareius Whitebar surgeonfish Acanthuridae 34 1.23 0.55 38.46
Xanthichthys mento Crosshatch triggerfish Balistidae 776 28.03 8.59 53.84
Carangoides orthogrammus Island jack Carangidae 16 0.57 2.49 30.77
Chaetodon mertensii Mertens’ butterflyfish Chaetodontidae 62 2.24 0.36 58.97
Kyphosus pacificus Pacific chub Kyphosidae 656 23.69 19.33 46.15
Coris roseoviridis Red-and-green coris Labridae 128 4.29 0.095 66.67
Lutjanus kasmira Bluestriped snapper Lutjanidae 9 0.36 0.41 20.52
Parupeneus multifasciatus Multibar goatfish Mullidae 53 1.92 0.92 64.11
Chromis vanderbilti Vanderbilt’s chromis Pomacentridae 70 2.53 0.096 5.12
Scarus longipinnis Highfin parrotfish Scaridae 18 0.65 0.85 23.07
Epinephelus fasciatus Blacktip grouper Serranidae 59 2.13 1.76 58.97
Common names follow Randall, 2005.
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FIGURE 6 | Range of species richness values recorded by BRUVS within
each habitat classification.
FIGURE 7 | Range of abundance (MaxN) values recorded within each habitat
classification.
(Oksanen, 2013). These indices produced estimated species
richness values ranging from 100 (± 22.92 sd.) to 132 (± 8.89
sd.) (Figure 5).
Depth Analysis
Spearman’s Correlation Coefficient was initially used to assess
the effect of sampling depth (uncategorized) on abundance and
species richness. A weak correlation was found between depth
and abundance (Spearman’s rho = 0.22, p = 0.18), and no
correlation was observed between depth and species richness
(Spearman’s rho = –0.047, p = 0.77). The variance of species
richness between the depth categories was tested using ANOVA,
and no significant variance was observed (p > 0.07).
Habitat Analysis
Coral habitats supported the highest species richness and
abundance, with mean richness of 27 (± 4.83 sd.) and median
abundance of 102 (IQR = 91–112). Sand habitats supported the
lowest species richness and abundance, with mean richness of
7 (± 4.36 sd.) and median abundance of 46 (IQR = 14–93)
(Figures 6, 7).
ANOVA results indicated a strongly significant variance in
mean species richness between habitat types (p < 0.0001),
with significantly higher richness was observed in coral habitats
compared to other substrate types (t = 4.27, p < 0.0002).
The ANOVA also observed significantly lower richness in sand
habitats (t = -2.74, p < 0.01). Kruskal-Wallis tests indicated
significant variance in median abundance between habitat
types for all trophic levels (K-W χ2 = 15.42, p < 0.01)
including significant variance specifically for top predators (K-W
χ2 = 18.07, p < 0.001) which were most abundant in coral-
dominated habitats.
Fisheries Catch Monitoring Results
The results presented here cover the period September 2014–
August 2015 with fishing being undertaken year round, although
there was some monthly fluctuations in effort (Figure 8). It
should be noted that only half of the fishers within the island’s
small community participated in the scheme, although this
proportion encompassed an estimated 80% of the total number
of fishes caught. A total of 1,190 individual fishes were reported
as being caught during the 12 months from September 2014
to August 2015, representing 30 different species (Figure 9
and Table 2).
By far the most frequently caught species was the Pacific chub
Kyphosus pacificus (45% of the total yearly catch), followed by the
blacktip grouper Epinephelus fasciatus (17%). In all, six species
(Kyphosus pacificus, Epinephelus fasciatus, Thunnus albacares,
Kuhlia sandvicensis, Acanthocybium solandri, and Variola louti)
made up 82% of total catch in terms of individuals caught
(Figure 9). Two of these species, yellowfin tuna T. albacares and
wahoo A. solandri, were only caught from boats using trolling
methods. These two species are migratory open water fishes
which primarily occur off Pitcairn during the springtime (August
to November) (Figure 10).
In terms of the different fishing practices, there were 22 shore
trips (typically by solitary individuals) and 20 boat excursions
(which include both solitary and group fishing, with 1–8 fishers
on board) during the 12 month period. SCUBA diving excursions
were rare by comparison, only recorded in a single month of the
catch monitoring period (Figure 11).
DISCUSSION
Put together, BRUVS surveys and fisheries catch monitoring
reveal a fish assemblage impoverished in predatory reef fish
and sharks, and dominated by small-bodied herbivores and
mesopredators. When considered in the context of long-term
catch records, fishing practices and demographic changes on
Pitcairn, this analysis suggests that the island fishery has reduced
populations of high trophic-level predators, with subsequent
declines in fishing intensity enabling the proliferation of lower-
trophic level species, often less desired as fisheries targets, into
vacant ecological niches.
BRUVS sampling achieved broad spatial coverage of the study
site, and an extrapolated species richness of 115.57 suggests that
sampling captured approximately 80% of diversity. However,
it should be noted that a total fish fauna of 270 species has
been recorded within the 50 m depth contour on Pitcairn
Island (Irving and Dawson, 2012). As a proportion of this
total fauna does not occur in the seabed habitats sampled
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FIGURE 8 | Total number of fishes caught by month, together with fishing effort (in hours).
FIGURE 9 | Fish abundance by species, as a proportion of the total catch (after Dawson and Irving, 2020).
by BRUVS, it is acknowledged this BRUVS study did not
fully capture assemblage diversity. Nonetheless, measurements
taken from 57 species and the acknowledged precision of
EventMeasure for computing fish lengths (Cappo et al., 2006;
Letessier et al., 2015), enabled accurate biomass estimations
specific to this fish assemblage to be made. Sampling achieved
even coverage across depths, although results suggest that depth
did not drive species richness or abundance. Sampling was
uneven across habitats, although statistically significant results
indicate that assemblage variation was still detected. Habitat
was a strong driver of species richness, overall abundance
and top predator abundance, with significant variation between
the highest scoring habitat (coral) and the lowest (sand).
Exceptional water clarity at deeper sites provided ideal BRUVS
conditions, as shown by identification of 95% of individuals
to species level.
Top predators accounted for 28% of sampled biomass in
comparison to 12% estimated by previous SCUBA surveys (Sala
et al., 2012; Friedlander et al., 2014), a discrepancy likely to
indicate a function of attraction to the bait (Meekan et al.,
2006; Watson et al., 2010). Two predators, greater amberjack
Seriola dumerili and giant trevally Caranx ignobilis, were also
observed on Pitcairn for the first time (Duffy et al., 2017). Bait
also attracted cryptic predators which might otherwise remain




















TABLE 2 | Pitcairn fish catch records (September 2014–August 2015) showing the 15 most frequently caught species (≥10 individuals) during the year, by month.
Scientific name Common name* Pitkern (local)
name
Sep.14 Oct.14 Nov.14 Dec.14 Jan.15 Feb.15 Mar.15 Apr.15 May.15 Jun.15 Jul.15 Aug.15 12 month Totals:
September
14–August 15
Kyphosus pacificus Pacific chub Nanwe 52 55 80 23 5 26 0 0 125 114 44 17 541
Epinephelus fasciatus Blacktip grouper Red snapper 56 22 20 15 0 9 0 8 56 0 0 17 203
Thunnus albacares Yellowfin tuna Yellowtail 0 47 16 2 0 0 0 0 0 0 0 1 66
Kuhlia sandvicensis Reticulated flagtail White fish 28 10 0 23 0 0 0 1 0 0 1 0 63
Acanthocybium solandri Wahoo Kuta 0 36 14 1 0 0 0 1 0 0 2 1 55
Variola louti Coronation grouper Fafaaia 14 5 3 18 0 2 0 0 9 0 2 0 53
Cheilodipterus macrodon Large-toothed cardinalfish Paápa 12 2 4 8 0 1 0 2 0 0 4 1 34
Cephalopholis urodeta Darkfin hind Matapoó 8 0 0 0 0 1 0 0 6 0 0 18 33
Oxycheilinus unifasciatus Ringtail wrasse Slipi 9 4 4 0 0 0 0 2 5 0 0 0 24
Thalassoma purpureum Surge wrasse Peóu 10 0 3 1 0 0 0 1 3 2 1 1 22
Carangoides orthogrammus Island jack Ulwa 5 4 0 0 0 0 0 2 3 0 0 0 14
Pseudocaranx dentex Thicklipped jack Ofee 2 5 0 5 0 0 0 0 0 0 1 0 13
Scaridae Parrotfish indet. Oohoo 6 5 0 0 0 0 0 0 0 1 0 0 12
Cephalopholis argus Peacock hind Ratty cod 6 2 0 0 0 0 0 0 0 0 2 0 10
Thalassoma lutescens Sunset wrasse Whistling
daughter
2 1 5 0 0 0 0 0 2 0 0 0 10
Monthly totals: 210 198 149 96 5 39 0 17 209 117 57 56
Scyllarides haanii Aesop slipper lobster Slippy lobster 0 0 0 0 0 0 0 0 0 0 0 0 0
Panulirus pascuensis Easter Island lobster Black lobster 0 0 0 0 2 0 0 0 0 0 0 0 2
Panulirus penicillatus Pronghorn lobster Red lobster 0 0 0 0 0 0 0 0 7 0 0 0 7
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FIGURE 10 | Catch distribution by month of the migratory wahoo/kuta,
Acanthocybium solandri (Data from Götesson, 2012).
FIGURE 11 | Distribution of fishing practices during the year (September
2014–August 2015) (after Dawson and Irving, 2020).
concealed (Watson et al., 2010) with moray eels (Muraenidae)
and hawkfishes (Cirrhitidae) recorded on 74% of samples. Of
note was the sighting of just a single shark (gray reef Carcharhinus
amblyrhyncos). Similarly, National Geographic divers recorded
sharks on only three of their 26 transects undertaken at similar
depths (Sala et al., 2012). Whilst the diver surveys and BRUVS
are not directly comparable, it was expected that the presence of
bait would attract more sharks. Combined results from the NGS
and Darwin studies, coupled with evidence of regular local shark
landings by the island community, indicate that human activities
have affected the top predator assemblage.
Analysis of recent and historic catch data adds weight to the
theory that the island fishery has impacted shark populations.
Whilst no shark species were recorded during the 12 months
of catch monitoring in 2015, historic catch data from 2006
to 2008 showed that 28 sharks were caught over a 20 month
period (Götesson, 2012). BRUVS results indicated lower shark
numbers than might be expected for a comparable non-exploited
area, as corroborated by observations from the uninhabited
nearby islands by Sala et al. (2012) which contrastingly revealed
top-heavy trophic pyramids on Henderson Island and Ducie
atoll, including abundant reef sharks. With top predators
accounting for 62% and 35% of biomass at Henderson and Ducie,
respectively, similar conditions might be expected on Pitcairn
in the absence of fishery impacts (Friedlander et al., 2014).
Furthermore, the low abundance of sharks at Pitcairn itself,
with its history of targeted shark fishing, reflects acknowledged
global trends whereby top predator abundance is substantially
higher at uninhabited, remote “marine wilderness” sites in
comparison to open access fishery sites or no take areas in
locations of high anthropogenic impact (Soler et al., 2015;
Letessier et al., 2019; MacNeil et al., 2020). Therefore, although
Pitcairn’s historical artisanal fishery is small-scale, it appears top
predators are over-exploited, and the acknowledged ecological
vulnerability of these taxa to overfishing may have hastened
their depletion around Pitcairn despite fishing pressure being
low by global standards (Worm et al., 2013). In order to
address this concern around over-exploitation of sharks, and
to eradicate the practice of catching these species solely for
their teeth, alternative means of obtaining shark’s teeth were
suggested. Sustainable sources of shed teeth may be obtained
from accumulation on beaches worldwide, or from aquarium
tanks holding sharks (Dawson and Irving, 2020), although checks
should be made with authorities and CITES to ensure that
provision of sharks’ teeth from overseas follows regulations.
The islanders understood the reasoning behind such a change
and agreed to incorporate this within the proposed (inshore)
Fisheries Management Plan (Dawson and Irving, 2020). The Plan
also introduced a measure to prohibit the taking of any shark
species using a set shark line. The United Kingdom Government’s
Blue Belt Programme has been assisting the Government of
the Pitcairn Islands to develop an MPA Management Plan
(currently awaiting approval by the Pitcairn Island Council).
Within the proposed Plan is an action to undertake regular
monitoring of shark populations to assess the effectiveness of the
restrictions included within the inshore Fisheries Management
Plan (Hardman, MMO, pers. comm.).
The structure of Pitcairn’s assemblage is echoed in global
data on reef fish communities on fisheries-impacted islands
(Graham et al., 2017), with biomass dominated by low
trophic level species. Study of the sampled trophic pyramid
revealed a “bottom heavy” fish assemblage with herbivores
and small predators dominant. Aside from sharks, other large
predators were also rare, and it must be noted that 33%
of the trophic level’s total sampled biomass was accounted
for by four individuals: a giant trevally (Caranx ignobilis),
a greater amberjack (Seriola dumerili|), the single grey reef
shark (Carcharhinus amblyrhyncos) and an unidentified tuna
(Thunnus sp.). Thus the biomass value reflects presence of
large-bodied individuals rather than abundant top predators, as
demonstrated by the trophic level only accounting for 6% of
MaxN. Furthermore, S. dumerili and Thunnus sp. may have been
attracted by the bait but should not be considered a permanent
component of the reef-associated predator assemblage due to
their pelagic life histories (Allen et al., 2007). Large reef-
associated predators were almost entirely absent, with a single
grey reef shark, one smalltooth jobfish (Aphareus furca) and nine
bluestriped snapper (Lutjanus kasmira) the only records from
their respective families on Pitcairn. The majority of sampled reef
groupers (Epinephelus and Cephalopholis spp.) on Pitcairn were
small, with coronation grouper (Variola louti) the only grouper
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measured above 400 mm, and only fourteen individuals of this
species were sampled. This general rarity across all large reef
predator taxa further suggests that the island fishery has altered
fish assemblage structure, particularly when considering the
prevalence of reef groupers in the fisheries catch data. Indeed the
second-most frequently caught fish, the black-tip grouper (local
name: red snapper) Epinephelus fasciatus is considered a desirable
food fish, as is coronation grouper (local name faafaia) Variola
louti, and both species, particularly larger-bodied individuals,
were rare in the BRUV data. It is interesting to note that
the crosshatch triggerfish (local name: pick-pick) Xanthichthys
mento was the second-most abundant species present in BRUVS
samples, and showed hyperabundance at specific sites with the
highest recorded MaxN value for any species (165). It is likely that
the dominance of crosshatch triggerfish is partially a result of the
relative absence of large predators, resulting in the “mesopredator
release” phenomenon (Ruppert et al., 2013). However, despite
the abundance in BRUVS footage, crosshatch triggerfish are not
recorded in the fisheries catch data. Fishers report that the species
is often caught and discarded due to being a poor food fish, and
therefore not recorded on the catch logsheets.
Whilst the large predator community was impoverished,
small-bodied herbivores such as Pacific chub were hyper-
abundant, at 24% of total MaxN. These species were recorded
across all habitats and seen grazing on the algal beds which
characterize the island’s shallowest waters, with this abundant
food source a possible driver of Pacific chub dominance.
Indeed, research in north-west Australia has shown a positive
relationship between small herbivore abundance and increased
algal cover on coral reefs (Ruppert et al., 2013). Pacific chub
also consumed the bait, suggesting dietary opportunism which
may further explain their dominance over other herbivores such
as surgeonfish (Acanthuridae) and parrotfish (Scaridae), which
did not consume bait and accounted for just 8% of total MaxN
combined. Parrotfish are recognized as a reef functional group
associated with increased hard coral cover and reef resilience
(Heenan and Williams, 2013), and thus the rarity of the family
has potentially negative implications for the overall health of
Pitcairn’s shallow corals (Mumby et al., 2013), particularly given
the observed proliferation of algae in shallow waters, which has
likely resulted in coral overgrowth and mortality. The relative
absence of suppressing large-bodied predators may also be an
explanatory factor in the dominance of Pacific chub. Catch
monitoring found the Pacific chub (local name: nanwe) to be
the most commonly caught species. This is probably due to their
abundance in Pitcairn’s nearshore waters, as indicated in the
BRUVS results, rather than strong local preference as a food
fish. It would appear that fishing off-take is not significantly
suppressing Pacific chub populations.
Beyond the analysis of specific species groups as detailed
above, catch monitoring has also provided an important
characterization of the local fishery. Results indicate that all local
fishing methods are practiced throughout the year at Pitcairn.
The frequency of boat forays, particularly where these utilize
an island longboat for fishing “parties,” are sporadic, depending
on the availability of key boat operators, sea conditions, and
the participation of a sufficient number of fishers. A weekend
with calm sea conditions at a “quiet” time of year (with
regard to impending cruise ship visits or island infrastructure
projects which demand long working hours) is usually sufficient
to entice fishers to venture out. This, and the potential for
extra income from selling certain fish and lobsters to visiting
cruise ships, appeared to be a key driver of fishing effort.
However, data show that effort does not necessarily correspond
with catch size, suggesting a variable fishery. Furthermore, it
is apparent that fishing effort has declined considerably in
recent decades. Historic fishing records published between 1976
and 1996 in the island’s newsletter, Pitcairn Miscellany, again
showed a variable annual catch of between 4,000 and 12,000
individual fishes (Götesson, 2012), whilst the 2014/15 catch
monitoring recorded just 1,190 fishes landed. Unfortunately, the
Pitcairn Miscellany data do not record the number of fishing
trips, or any equivalent measure of fishing effort. Nonetheless,
several reasons can be suggested to explain the observed
reduction in catch volume: (1) a gradual decline in Pitcairn’s
resident population, reflected in fewer fishers and consumers;
(2) an aging demographic; (3) a reduction in “free time” for
residents to fish as a pastime; (4) an increase in foodstuffs
imported from New Zealand, thus reducing reliance on local
fish as food source; and (5) less demand from cruise ships
due to higher food safety standards, with the purchase of
seafood during voyages being restricted to certified suppliers
(Shuttenberg and Dawson, 2012). It should be noted that the
2014/15 catch data may not be wholly indicative of catches
during the preceding decade, firstly due to competing demands
on islander time during the sampling period (which may
have reduced fishing effort); and secondly due to some fishers
choosing not to participate in the catch monitoring (six fishers
participated). However, it is considered that a representative
sample has been obtained for the species caught, together with
their relative abundance, as indicated by the Pacific drummer
being the most abundant species in both the fisheries catch
and BRUVS datasets.
One component of the island fishery, which cannot be
triangulated with BRUVS data, is the harvesting of lobster
species. Demand for all three lobster species is reported to
have grown in recent years due to ad hoc sales to visiting
cruise ships and to supply the local restaurant (Coghlan et al.,
2017). By the start of the Darwin project in 2014 on Pitcairn,
it was becoming apparent that wild stock of all lobster species
(Aesop slipper lobster Scyllarides haanii, Easter Island lobster
Panulirus pascuensis and pronghorn lobster P. penicillatus)
was rapidly diminishing. This was reflected in the increase in
fishing effort required to fulfill purchase orders (Coghlan et al.,
2017). In order to address this concern, we made a number
of recommendations at project conclusion which included (1)
a ban on the landing of berried female lobsters, which should
be released back into the sea from a lifted pot; and (2) the
introduction of marking female lobsters with a V-notch on a
uropod of the tail (thereby identifying the individual for release if
subsequently caught).
In summary, the “bottom heavy” assemblage on Pitcairn, as
sampled by BRUVS and the fisheries catch data, is markedly
different from assemblages at pristine unfished sites, both
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elsewhere in the island group (Sala et al., 2012) and at
comparable reef sites in regional and global published data
(Graham and McLanahan, 2013; Graham et al., 2017; Letessier
et al., 2019). This is likely to be the product of a long
term artisanal fishery targeting large reef predators including
popular food fishes, and sharks primarily harvested for their
teeth. Targeted fishing of a slow-reproducing group such as
sharks is likely to be unsustainable even within this artisanal
fishery context, and Pitcairn BRUVS findings echo recent
observations on the global decline of reef sharks in fished
areas (MacNeil et al., 2020). Fisheries impacts on top predators
may have subsequently driven the observed proliferation of
small-bodied herbivores and mesopredators, which have also
taken advantage of abundant food sources such as widespread
benthic algae. Once adoption of the proposed MPA Management
Plan takes place, the regular monitoring of reef-associated
top predator populations should indicate their current status
and whether numbers have started to recover (as is hoped).
Early anecdotal indications from islanders (in 2018) would




By setting new quantitative information on Pitcairn’s marine
resources in biogeographical and anthropogenic contexts
through comparison with regional and global data, this study has
improved the understanding of Pitcairn’s fish assemblage and
highlighted evidence which may explain the observed assemblage
structure. The value of BRUVS as a precise, repeatable and
environmentally sustainable method has been demonstrated,
and the scientific foundation for future conservation and
management decision-making on Pitcairn has been substantially
expanded. This study also made a major contribution to the
identified aims of the Darwin Project (Dawson et al., 2013)
through its assessment of key fisheries species by means of a
mixed methods approach.
The application of BRUVS and catch monitoring information
to setting catch levels and fishing quotas is recommended to
inform ongoing fisheries management, in addition to regular
surveys with this mixed methods approach in order to triangulate
ecological and fisheries data. Establishment of regular sampling
will be vital to monitor for any recoveries in high trophic
level reef predators on Pitcairn in the 5 years since these
data were collected, as fishing effort has likely continued
declining and the historically intense shark fishery is now
considerably reduced. It will also be important to review
the impact of the Coastal Conservation Zones which were
included within the Fisheries Management Plan (Dawson et al.,
2017) to support the continuation of small-scale fisheries in
nearshore waters.
There is potential for wider implementation of BRUVS
on Pitcairn, particularly on the globally unique deep coral
reefs around the island which extend beyond 40 m (Sala
et al., 2012) and were beyond the logistical means of the 2014
BRUVS surveys. The use of mid-water BRUVS (Letessier
et al., 2013; Santana-Garcon et al., 2014) in offshore pelagic
habitats around Pitcairn would also provide valuable data to
inform ongoing implementation and monitoring of both the
Fisheries Management Plan and the MPA Management Plan.
This is especially needed as catch monitoring demonstrated
the targeting by local fisheries of offshore pelagic species
such as yellowfin tuna (Thunnus albacares) and wahoo
(Acanthocybium solandri) which cannot be effectively assessed
by the shallow seabed-based BRUVS sampling deployed
in this study. Whilst historical data (Götesson, 2012) and
the 2014/15 catch monitoring have highlighted seasonal
variations in catches of these fished pelagic migratory
species, dedicated ecological sampling of these taxa is
required to create robust, fisheries-independent data in
support of management.
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